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Experimental 

Crystal data 

C23H2oN30S"-Br- 
Mr = 466.39 
Triclinic, PI 
a = 7.5987 (12) A 
b = 12.3017 (19} A 
c = 13.786 (2) A 
0- = 68.0760 (17)° 
P = 88.1540 (18)° 



Data collection 

Bruker SMART APEX CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2013) 
r„i„ = 0.56, 7"„„ = 0.80 



y = 72.6540 (18)° 
V= 1136.6 (3) A^ 
Z = 2 

Mo Ka radiation 
11 = 1.92 mm"' 
T = 220 K 

0.17 X 0.17 X 0.12 mm 



11044 measured reflections 
5146 independent reflections 
3398 reflections with / > 2cr(/) 
R:„, = 0.042 



In the title compound, C23H2oN30S"^ Br", the dihydrothiazole 
ring (r.m.s. deviation = 0.015 A) is twisted with respect to each 
of the C- and N-bound phenyl rings and the hydroxybenzene 
ring, making dihedral angles of 76.0 (2), 71.2 (2) and 9.8 (2)°, 
respectively. In the crystal, inversion-related molecules are 
linked by association of the bromide ions with the cations via 
N— H- ■ Br and O— H- ■ Br hydrogen-bonding interactions. 
These molecules run in channels parallel to the a axis through 
face-to-face jt-jt stacking interactions between the hydroxy- 
benzene rings [centroid-centroid distances = 3.785 (3) A] 
which, in turn, are connected into layers parallel to (110) by 
weak C— H- ■ -jt interactions. A small region of electron 
density well removed from the main molecule and appearing 
disordered over a center of symmetry was removed with 
PLATON SQUEEZE [Spek (2009). Acta Cryst. D65, 148-15] 
following unsuccessful attempts to model it as plausible 
solvent molecule. The nature of the solvent was not known 
and hence, this is not taken into account when calculating 
and related data. 

Related literature 

For general medicinal and industrial applications of five- 
membered 5,A^-heterocycles thiazolines, see: Abhinit et al. 
(2009). For chemical and diverse medicinal properties of 
thiazoles, see: Sreedevi et al. (2013); Milne (2000); De Souza & 
De Almeida (2003); Lednicer et al. (1990); Rehman et al. 
(2005); Knadler et al. (1986). For a similar structure, see: 
Mague et al. (2014). 



Refinement 

R[F^ > 2a{F^)] = 0.058 

wR{F^) = 0.157 

S = 1.01 

5146 reflections 

263 parameters 



73 restraints 

H-atom parameters constrained 
Ap„„ = 1.09 e A"' 
Ap„i„ = -0.48 e A"^ 



Table 1 

Hydrogen-bond geometry (A, °). 

Cg4 is the centroid of the C18-C23 benzene ring. 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


Ol-HlO- ■ Brl' 


0.83 


2.50 


3.328 (4) 


178 


N2-H2-Brl" 


0.91 


2.88 


3.570 (3) 


134 


C5-H5-C.i;4'" 


0.94 


2.76 


3.610 (5) 


152 



Symmetry codes: (i) a' — 1, y + 1. z + 1; (ii) 
-.r, -y + l,-z + 2. 



-X, -v + l,-z + l; (iii) 



Data collection: APEX2 (Bruker, 2013); cell refinement: SAINT 
(Bruker, 2013); data reduction: SAINT; program(s) used to solve 
structure: SHELXS20I3 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL2013 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 2012); software used to prepare 
material for publication: WinGX (Farrugia, 2012) and PLATON 
(Spek, 2009). 

The support of Tulane University for the Tulane Crystal- 
lography Laboratory is gratefully acknowledged. 

Supporting information for this paper is available from the lUCr 
electronic archives (Reference: TK5311). 
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(Z)-1 -[(2f)-3,4-Diphenyl-2,3-dihydro-1 ,3-thiazol-2-ylidene]-2-[1 -(4-hydroxy- 
phenyl)ethylidene]hydrazinium bromide including an unknown solvate 

Joel T. Mague, Shaaban K. Mohamed^ Mehmet Akkurt^ Alaa A. Hassan and Mustafa R. Albayati 

1 . structural commentary 

Synthesis of five-membered S'jA'^heterocycles thiazolines has received intensive interest from chemists and biologists due 
to their wide spectrum of medicinal and industrial applications (Abhinit et al, 2009). Thiazoles are stable and non- 
carcinogenic aromatic compounds with relatively small size (Sreedevi et al, 2013). Many biologically active products, 
such as Bleomycin and Tiazofurin (antineoplastic agents) (Milne, 2000), Ritonavir (anti-HIV drug) (De Souza & De 
Almeida, 2003), Fanetizole and Meloxicam (anti-inflammatory agents) (Lednicer et al, 1990; Rehman et al, 2005), 
Nizatidine (antiulcer agent) (Knadler et al, 1986) and penicillm (antibiotic) are some examples of thiazole-bearing 
compounds. 

In the title molecule (I), shown in Fig. 1, the 5-membered heterocycle (S1/N1/C1-C3) is planar to within 0.013 (3) A 
for Nl and the phenyl rings C4-C9 and C10-C15 make dihedral angles with it of 76.0 (2)° and 71.2 (2)°, respectively. 
The dihedral angle between the ring C18-C23 and the heterocycle (S1/N1/C1-C3) is 9.8 (2)°. The N1-C3-N2-N3, C3- 
N2-N3-C18, N2-N3-C16-C18 torsion angles are 173.6 (4), 166.3 (4) and -177.1 (3)°, respectively All bond lengths and 
bond angles in (I) are normal and are comparable with those found in a similar structure (Mague et al, 2014). 

In the crystal, inversion-related molecules are linked by association of the bromide ions with the cations via N — H— Br 
and O — H—Br hydrogen bonding interactions (Table 1, Fig. 2). These molecules run m channels parallel to the a axis 
through the face-to-face n — k stacking interactions [centroid-to-centroid distances = 3.785 (3) A] between the hydroxyl- 
benzene rings: these are cotmected into layers parallel to (110) by weak C5 — H5—Cg(C18-C23) interactions. Table 1. 

2. Synthesis and crystallization 

The title compound was prepared according to our reported method (Mague et al, 2014). The crude product has been 
crystallized from ethanol to afford colorless crystals suitable for X-ray diffraction (m.p.: 533 - 535 K). 

3. Refinement 

All H atoms were fixed geometrically and treated as riding with C— H= 0.94-0.97 A, N-H = 0.91 A and 0-H = 0.83 A, 
and with {7150(11)= 1 .2UcqiC,N) and 1 .5 U^(0). A small region of electron density well-removed from the main molecule 
and appearing disordered over a center of symmetry was removed with PLATON SQUEEZE following unsuccessful 
attempts to model it as plausible lattice solvent (Spek, 2009). 
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Figure 1 

Perspective view of the asymmetric unit with 30% probabihty displacement ellipsoids. 




Figure 2 

Packing viewed down the a axis and showing O — H - Br interactions. 

(Z)-1-[(2f)-3,4-Diphenyl-2,3-dihydro-1,3-thiazol-2-ylidene]-2-[1-(4-hydroxyphenyl)ethylidene]hydrazinium 
bromide 



Crystal data 

CzsHzoNjOS+Br- 

= 466.39 
Triclinic, PI 
Hall symbol: -P 1 
fl = 7.5987 (12) A 
Z>= 12.3017 (19) A 
c= 13.786 (2) A 
a = 68.0760 (17)° 



^= 88.1540 (18)° 
y = 72.6540 (18)° 
V= 1136.6(3) A3 
Z=2 

P(000) = 476 

Z),= 1.363 Mgm-3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 4151 reflections 
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61 = 2.8-26.7° 
IX = 1.92 mm ' 
r=220K 

Data collection 

Bruker SMART APEX CCD 

diffractometer 
Radiation source: fme-focus sealed tube 
Graphite monochromator 
Detector resolution; 8.3660 pixels mm"' 
(p and CO scans 

Absorption correction: multi-scan 

(S^D^S^*; Bruker, 2013) 
7^ = 0.56,?;^ = 0.80 

Refinement 

Refinement on 
Least-squares matrix: full 

> 2(7(7^)] = 0.058 
wR{F-) = 0.\51 
S= 1.01 
5146 reflections 
263 parameters 
73 restraints 

Special details 

Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are 
estimated from the variances of the (fiill) variance-covariance matrix. The cell e.s.d.'s are taken into account m the 

estimation of distances, angles and torsion angles 

Refinement. Refinement of against ALL reflections. The weighted i?- factor wR and goodness of fit S are based on F^, 
conventional 7?-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > a{F^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. H-atoms 
attached to carbon were placed in calculated positions (C — H = 0.95 - 0.98 A) while those attached to nitrogen were 
placed in locations derived from a difference map and their coordinates adjusted to give N — H = 0.91 A. That attached to 
oxygen was placed in an idealized position and the C — C — O — H torsion angle refined (AFIX 147)-A11 were included as 
riding contributions with isotropic displacement parameters 1.2 - 1.5 times those of the attached atoms. A small region of 
electron density well removed from the main molecule and appearing disordered over a center of symmetry was removed 
with PLATON SQUEEZE following unsuccessful attempts to model it as plausible lattice solvent (Spek, 2014). 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


U- *ITI 


SI 


0.24831 (13) 


0.51039 (10) 


0.99502 (8) 


0.0418 (3) 


01 


-0.1920 (4) 


1.0140 (3) 


1.2638 (2) 


0.0599 (11) 


Nl 


0.1776(4) 


0.5582 (3) 


0.8008 (2) 


0.0376 (10) 


N2 


-0.0083 (4) 


0.7072 (3) 


0.8605 (2) 


0.0427(11) 


N3 


-0.0284 (5) 


0.7434 (3) 


0.9459 (2) 


0.0434 (11) 


CI 


0.3784 (5) 


0.4108 (4) 


0.9384 (3) 


0.0433 (12) 


C2 


0.3282 (5) 


0.4476 (4) 


0.8368 (3) 


0.0399 (12) 


C3 


0.1253 (5) 


0.6024 (4) 


0.8761 (3) 


0.0393 (12) 


C4 


0.4141 (5) 


0.3930 (4) 


0.7614(3) 


0.0398 (12) 


C5 


0.3820 (6) 


0.2897 (4) 


0.7589 (3) 


0.0480 (16) 


C6 


0.4610 (6) 


0.2396 (4) 


0.6870 (4) 


0.0510(16) 



Block, colourless 
0.17 X 0.17 X 0.12 mm 



11044 measured reflections 
5146 independent reflections 
3398 reflections with 7 > 2a{I) 
Rint = 0.042 

^max '2.1 ,3 , Otnm 1.9 

h = -9^9 

i = -n^n 



Hydrogen site location: mixed 
H-atom parameters constrained 
w = l/[o^(7^o') + (0.08677')2] 

where P = (7^0^ + 27='/)/3 
(A/c7)„^< 0.001 
Ap„^= 1.09eA-3 
Ap™„ = -0.48eA-3 
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Atomic displacement parameters (A^) 
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SI 


0.0397 (6) 0.0478 (6) 
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01 
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0.0332 (17) 0.0438 (19) 
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0.0021 (16) 


-0.0243 (18) 
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— U.UzL) (z) 


A AAA /'T\ 

U.UUl) (z) 


A AT A /TA 

— U.Uz4 (zj 


Clz 


U.UoU J 


A no A 
U.UyU (4j 


U.U /U (Jj 


A AO/1 /OA 

— U.UZ4 (i) 


A A 1 T /'TA 

— U.U13 (z) 


— U.U43 (3 j 


Cli 


A Ayl C /'3 \ 

U.U4D (jj 


A AO C //I \ 

O.UoD (4j 


A A/1 /I /T\ 

0.044 (z) 


A AA^ /T\ 

— U.006 (z) 


AAA11 /in\ 

—0.0011 (lyj 


A AT ^ /TA 

— 0.0z6 (zj 


Cl4 


U.U4y (j) 


O.Uoz (j) 


A ACA t'y\ 

O.OdO (i) 


A A1 1 /'>\ 

—0.011 (zJ 


A AA'3 /"TA 

0.003 (zj 


A AI /TA 

—0.013 (zj 


Co 


A A/1 /I 

U.u44 (z) 


A A^IA /''5\ 

0.060 (3) 


A A /n /T\ 

U.U4 / (Z) 


A ATA /^T\ 

— U.OzU (zj 


A AA/1 1 1 0\ 

U.0U41 (loj 


A ATA /TA 

— U.UzU (zj 


Clo 


A AQ 1 

U.Uil (z^ 


U.U4i (zJ 


A A/1 C /"OA 

U.U45 (Zj 


— U.Ulll (1 /j 


A AAOT ^^ ^\ 

u.uuy/ (loj 


A AT'2A /I OA 

— U.UZ3U (loj 


Cl / 


A AC 1 /"3 \ 

O.UDl (3) 


A A/I A 

o.04y (zj 


A A/I O 

0.04o (zJ 


A AI /''*>^ 
—0.016 (zj 


A AA1 O /"I OA 

0.0018 (loj 


A AT'3 /TA 

— 0.0z3 (zj 


Cio 


A AO O 

U.U35 (z) 


A A/1 /TX 

0.046 (z) 


A A/1 'J 

0.043 (zj 


A AT T '3 1 C>\ 

— 0.0zz3 (loj 


A A 1 /I /I /I 

0.0144 (16j 


A AT T T 1 0\ 

— 0.0zz3 (loj 


^ 1 n 

ciy 


A Ayn 

U.U4/ (z) 


A A/1 O /TX 

U.U48 (z) 


A A/1 O 

0.04s (z) 


A AT AO /I A\ 

— u.uzuo (lyj 


AA11T /10\ 

O.Ollz (loj 


A AT C /T\ 

— O.OzD (zj 


€20 


0.050 (3) 


0.055 (3) 


0.044 (2) 


-0.022 (2) 


0.0069 (18j 


-0.020 (2) 


021 


0.049 (2) 


0.053 (3) 


0.050 (2) 


-0.026 (2) 


0.0232 (19) 


-0.033 (2) 


022 


0.043 (2) 


0.055 (3) 


0.052 (2) 


-0.015 (2j 


0.0135 (18) 


-0.031 (2j 


023 


0.041 (2) 


0.052 (3) 


0.051 (2) 


-0.0170 (19) 


0.0138(18) 


-0.028 (2) 


Brl 


0.0562 (3) 


0.0514(3) 


0.0488 (3) 


-0.0152 (2) 


-0.0025 (2j 


-0.0252 (2) 



Geometric parameters (A, °) 



SI— 01 


1.741 (5) 


016—018 


1.494(6) 


SI— C3 


1.710(4) 


018—023 


1.388 (7) 


0 1—021 


1.375 (5) 


018—019 


1.384 (6) 


01— HIO 


0.8300 


019—020 


1.401 (6j 


Nl— 03 


1.341 (5j 


020—021 


1.396 (7) 


Nl— OlO 


1.451 (5j 


021—022 


1.365 (6) 


Nl— 02 


1.418 (6) 


022—023 


1.376 (6) 


N2— 03 


1.329 (6) 


01— HI 


0.9400 


N2— N3 


1.395 (4) 


05— H5 


0.9400 


N3— 016 


1.277 (6) 


06— H6 


0.9400 


N2— H2 


0.9100 


07— H7 


0.9400 


01—02 


1.331 (5) 


08— H8 


0.9400 


02—04 


1.474 (6) 


09— H9 


0.9400 


04—09 


1.378 (7) 


Oil— HI 1 


0.9400 


04—05 


1.376 (7) 


012— H12 


0.9400 


05—06 


1.386 (7j 


013— H13 


0.9400 


06—07 


1.352 (7j 


C14— H14 


0.9400 


07—08 


1.357 (9) 


015— H15 


0.9400 


08—09 


1.379 (9) 


017— H17A 


0.9700 


OlO— Oil 


1.385 (7j 


017— H17B 


0.9700 


010—015 


1.360 (6) 


017— H170 


0.9700 


011—012 


1.380 (7) 


019— H19 


0.9400 


012—013 


1.363 (8j 


O20— H20 


0.9400 


013—014 


1.372 (8j 


022— H22 


0.9400 


014—015 


1.387 (6j 


023— H23 


0.9400 


016—017 


1.490 (6) 
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CI — SI — C3 


89.3 (2) 


Ol — C21 — C20 


116.9 (4) 


C2l — Ol — ^HIO 


109.00 


C20 — C2 1 — C22 


120.5 (4) 


Z*^*^ XT1 1 A 

C2 — ^Nl — CIO 


125.3 (3) 


C2 1 — C22 — C23 


1 1 A 1 

119.3 (5) 


C3 — Nl — CIO 


YlL2 (4) 


C 1 8 — C23 — C22 


1 1 / A\ 

122.1 (4) 


C2 — ^Nl — C3 


112.5 (3) 


SI — CI — ^Hl 


124.00 


XT'! XT'^ J^'y 

N3 — ^N2 — C3 


114.7 (3) 


C2 — CI — ^Hl 


123.00 


N2 — N3 — C16 


115.3 (3) 


C4 — C5 — H5 


120.00 


XT^ TT^ 

C3 — N2 — H2 


115.00 


C6 — C5 — H5 


120.00 


N3 — ^N2 — H2 


128.00 


C5 — C6 — H6 


120.00 


SI — CI — C2 


113.1 (4) 


ft/' 

C7 — C6 — H6 


120.00 


Nl — C2 — CI 


111.8 (4) 


C6 — C7 — H7 


120.00 


Nl — C2 — C4 


119.4 (3) 


i~^Q TTT 

C8 — C7 — Wl 


120.00 


CI — C2 — C4 


128.7 (4) 


e~^^ y~10 TTO 

C7 — C8 — H8 


119.00 


SI — C3 — ^Nl 


113.3 (3) 


f~\a TTO 

C9 — C8 — H8 


119.00 


XT1 XT'^ 

Nl — C3 — N2 


123.7 (3) 


C4 — C9 — H9 


120.00 


SI — C3 — N2 


123.0 (3) 


C8 — C9 — H9 


120.00 


C5 — C4 — C9 


118.5 (4) 


/~1 1 A /~i 11 TT 1 1 

CIO — Cll — Hll 


121.00 


C2 — C4 — C5 


1 ^ A A / /I \ 

120.9 (4) 


1 r~* 11 T T 1 1 

C12 — Cll — Hll 


121.00 


C2 — C4 — C9 


120.6 (5) 


Cll — C12 — H12 


119.00 


C4 — C5 — Co 


120.7 (4) 


1 1 TT1 

C13 — C12 — H12 


1 1 A AA 

119.00 


C5 — Co — C7 


120.1 (5) 


C12 — C13 — H13 


120.00 


Co — C7 — C8 


119.7 (5) 


C14 — C13 — H13 


120.00 


/""o <^r\ 

C7 — C8 — C9 


121.2 (6) 


C13 — C14 — H14 


120.00 


C4 — C9 — C8 


119.8 (6) 


C15 — C14 — H14 


1 '^A AA 

120.00 


Cll — CIO — C15 


121.6 (4) 


CIO — C15 — H15 


120.00 


Nl — CIO — Cll 


118.6 (4) 


C14 — C15 — HI 5 


120.00 


Nl — CIO — C15 


119.8 (4) 


C16 — C17 — H17A 


109.00 


/~<1A 

CIO — Cll — C12 


1 1 T A /C\ 

117.9 (5) 


/~1 1 it" /~11'7 TT1 TT^ 

C16 — C17 — ^H17B 


1 AA AA 

109.00 


Cll — C12 — C13 


121.2 (5) 


C16 — C17 — H17C 


109.00 


C12 — C13 — C14 


120.1 (5) 


T T 1 T A f ^ IT T T 1 1 r~> 

H17A — C17 — H17B 


110.00 


C13 — C14 — C15 


1 1 A O 

119.8 (5) 


TT1 T A /~< 1 T TT1 ^/"l 

H17A — C17 — H17C 


1 1 A AA 

110.00 


CIO — C15 — C14 


1 1 A /I /' A\ 

119.4 (4) 


TT1 TT^ /~11 T TT1 T/*^ 

H17B — C17 — ^H17C 


1 AA AA 

109.00 


C17 — Clo — C18 


120.0 (4) 


/~1 1 O 1 T T 1 

C18 — C19 — H19 


120.00 


XTT 1 1 O 

N3 — Clo — C18 


116.5 (3) 


C20 — C19 — H19 


1 '^A AA 

120.00 


N3— C16— C17 


123.5 (4) 


C19— C20— H20 


120.00 


C16— C18— C19 


120.4 (4) 


C21— C20— H20 


120.00 


Clo — C18 — C23 


121.1 (4) 


C2 1 — C22 — H22 


120.00 


C19 — CI 8 — C23 


118.5 (4) 


i^T> /"''T^ TT^^ 

C23 — C22 — H22 


120.00 


C18 — C19 — C20 


1 '^A A 

120.0 (4) 


CI 8 — C23 — H23 


1 1 A AA 

119.00 


C 1 9 — LzO — C2 1 


1 19.6 (4) 


e~^'^'^ r^^^i TTT> 
C22 — C23 — H23 


1 1 n AA 

119.00 


r\'\ /^'^ 1 /~^T^ 

Ol — C21 — C22 


122.6 (4) 






C3— SI— CI— C2 


0.0 (4) 


C2— C4— C9— C8 


-179.3 (5 


CI— SI— C3— Nl 


1.4 (3) 


C5— C4— C9— C8 


0.4 (7) 


CI— SI— C3— N2 


-178.5 (4) 


C4— C5— C6— C7 


0.1 (7) 


C3— Nl— C2— CI 


2.3 (5) 


C5— C6— C7— C8 


0.7 (8) 


C3— Nl— C2— C4 


-174.3 (4) 


C6— C7— C8— C9 


-1.0(9) 


CIO— Nl— C2— CI 


-179.8 (4) 


C7— C8— C9— C4 


0.4 (9) 
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/—I 1 f\ XT1 A 

C 1 0 — N 1 — C2 — C4 


3.6 (6) 




N 1 — C 1 0 — C 1 1 — C 1 2 


1 TA T f A\ 

(4) 


/"^'l "Ml O 1 

C2 — Nl — C3 — SI 


-2.4 (4) 




C15 — CIO — Cll — C12 


0.2 (7) 


/"^'^ XT1 XT'^ 

C2 — 1 — C3 — ^N2 


177.5 (4) 




XT 1 /~^1A 

Nl — CIO — C15 — C14 


1 TA /I //IX 

—179.4 (4) 


C 1 0 — N 1 — C3 — S 1 


1 TA ^ /'?\ 

179.6 (3) 




Cll — CIO — C15 — C14 


0.8 (7) 


CIO — N 1 — CJ — JN2 


—0.5 (6) 




/~^1A /~^1'? 

C 1 0 — C 1 1 — C 1 2 — C 1 3 


-1.0 (8) 


XT1 /~i 1 r\ <^ 1 1 

C2 — JN i — CIO — Cll 


72.5 (5) 




/"^i-^ /^i'? 
Cll — C12 — C13 — C14 


A A /A\ 

0.9 (9) 


C2 — Nl — CIO — C15 


—107.4 (5) 




/"'l'^ /"^IT /"'IC 

C12 — C13 — C14 — CI 5 


A 1 /0\ 

0.1 (8) 


/"^T XT1 1 A /"^ 1 1 

C3 — JNl — CIO — Cll 


1 AA O 

-109.8 (5) 




/^l'? /^1A 

C 1 3 — C 1 4 — C 1 5 — C 1 0 


A A /0\ 

—0.9 (8) 


XT 1 1 A 1 C 

C3 — N 1 — CIO — CI J 


TA 1 

/0.3 




XTI /^10 /^lA 

N 3 — C 1 o — C 1 o — C 1 y 


ICO f£i\ 

15.2 (6) 


XTO XT'? 1 

C3 — N2 — N3 — Clo 


166.3 (4) 




XT'? /^IZT ^ O /^T) 

N3 — C 1 6 — C 1 8 — C23 


1 zr /I o //I \ 

-164.8 (4) 


N3 — N2 — C3 — SI 


6.3 (5) 




C17 — C16 — CIS — C19 


—163.8 (4) 


XT'? XT1 XT1 

N3 — JN2 — C3 — N 1 


1 T? ^ //I \ 

-173.6 (4) 




C 1 7 — C 1 6 — C 1 5 — C23 


16.2 (6) 


Xn XT1 1 1 T 

]N2 — JN3 — Clo — CI / 


1.9 (6) 




C 1 0 — C 1 o — C 1 y — C20 


— 1/9.1 (4) 


xy^ XT'? 1 z: o 

N 2 — N 3 — C 1 6 — C 1 6 


-177.1 (3) 




C23 — C 1 8 — C 1 9 — C20 


A A /'7\ 

0.9 (7) 


S 1 — C 1 — C2 — N 1 


-1.3 (5) 




C 1 6 — C 1 8 — C23 — C22 


179.2 (4) 


SI — CI — C2 — C4 


175.0 (4) 




C 1 9 — C 1 0 — C23 — C22 


A A /'7\ 

-0.9 (7) 


"Ml CI CA 

IN i y^J 






ri 8 n Q r90 p?! 

i o — 1 ^ — y^zAj — v^z, 1 




Nl— C2— C4— C9 


74.5 (6) 




C19— C20— C21— 01 


180.0(4) 


CI— C2— C4— C5 


78.8 (6) 




C19— C20— C21— C22 


-0.6 (7) 


CI— C2— C4— C9 


-101.5 (6) 




Ol— C21— C22— C23 


-179.9 (4) 


C2— C4— C5— C6 


179.1 (4) 




C20— C21— C22— C23 


0.6(7) 


C9— C4— C5— C6 


-0.6(7) 




C2 1 — C22 — C23 — C 1 8 


0.1 (7) 


Hydrogen-bond geometry (A, °) 










Cg4 is the centroid of the C18-C23 benzene ring. 








D—H-A 




D— H 


Yi-A D-A 


D—n-A 


Ol— HIO- -Brl' 




0.83 


2.50 3.328 (4) 


178 


N2— H2 - Brr' 




0.91 


2.88 3.570 (3) 


134 


C5— H5"Cg4«' 




0.94 


2.76 3.610 (5) 


152 



Symmetry codes: (\)x-\,y+\, z+1; (ii) -x, -z+1; (iii) -x, -z+2. 
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